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© A high-pressure glow discharge lamp (1) having 
a planar discharge vessel (2) which is sealed in a 
vacuumtight manner which surrounds a discharge 
space (3) filled with a gas mixture which forms 
excimers. and whose parallel walls (4, 5) are formed 
from a dielectric material. The surfaces (6, 7> of the 
walls (4. 5) remote from the discharge space {3> are 
provided with planar electrodes (8, 9). At least one 
(5) of these walls with its associated electrode (8) is 
at least partly transparent to the generated radiation. 
The gas mixture comprises at least one of the rare 
gases Xe. Kr and Ar for forming an excimer and at 



least one ot the halogens b, Br 2r Cl 2 and F 2 . The 
partial pressure of the substance forming the ex- 
cimer is at least 10 and at most 600 mbar in the 
case of Xe and/or Kr and at least 10 and at most 
1 000 mbar in the case of Ar. The partial pressure of 
the halogen is between 0,05 and 5% of the partial 
pressure of the substance forming the excimer. The 
atomic mass of the substance forming the excimer is 
greater than the atomic mass of the halogen. The 
lamp has a high radiant efficacy and can be con- 
structed as a large-area, homogeneously emitting 
radiant source. 
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1 BP 0 

The invention relates to a high-pressure glow 
discharge Jamp having a planar discharge vessel 
which is sealed in a vacuumtight manner and which 
encloses a discharge space filled with a gas mix- 
ture which forms excimers and whose parallel walls 
are formed from a dielectric material, the wall sur- 
faces remote from the discharge space being pro- 
vided with planar electrodes, at least one of said 
walls with its associated electrode being at least 
partly transparent to the generated radiation, and 
the gas mixture comprising at least one of the rare 
gases Xe. Kr and Ar to form the excimer and at 
least one of the halogens l ?t B^. CI* and F2, 

A dielectrically impeded glow discharge (also 
called H silent discharge") is generated at a com- 
paratively high gas pressure in a high-pressure 
glow discharge lamp. In these discharges, a gas 
filling which emits radiation upon electrical excita- 
tion as well as at least one dielectric are present 
between two planar electrodes which are com- 
pletely or partly transparent. The electrical supply 
takes place with an AC voltage. The principle of the 
discharge is described, for example, in the article 
by B. Eliasson and U- Kogelschatz, Appl. Phys. 
B46 (1988) pp. 299-303. 

A lamp of the kind described above is known, 
for example, from EP-A 0 324 953 (see also EP-A 
0 254 111, 0 312 732, and 0 371 304). In the 
present description and claims, a planar discharge 
vessel which is sealed in a vacuumtight manner is 
understood to be a discharge vessel which com- 
prises two at least substantially parallel walls, 
whose dimensions are large in comparison with the 
interspacing between these walls, and a side wall 
which seals off the assembly in a vacuumtight 
manner, while the walls may be plane-parallel or, 
alternatively, coaxial and a striking distance (d) is 
determined by the distance between the inner sur- 
faces of the walls. 

A dielectric, i.e. electrically non-conductive ma- 
terial is used for the walls of the discharge vessel. 
At least one of the parallel walls is transparent to 
the generated radiation, and accordingly materials 
are eligible for this such as, for example, glass, 
quartz, which is also transparent to UV. or the 
fluorides of magnesium or calcium which are trans- 
parent to very short-wave radiations. The dielec- 
trics mentioned are in general resistant to break- 
down and chemically resistant to the gas filling. 
The planar electrodes may be made of metal, for 
example, metal plating or metal layers. Transparent 
electrodes may be constructed as mesh or grid 
electrodes, for example, wire meshes or gold grids, 
or alternatively as transparent gold layers (5-10 
run), or electrically conducting layers such as jn- 
dBum oxide or tin oxide. 

The invention has for its object to provide a 
high-pressure glow discharge lamp which has a 
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high radiant efficacy, and in addition to render 
possible homogeneously emitting planar radiation 
sources having a large surface area and a high 
radiant efficacy, 
s This object is achieved with a high-pressure 

glow discharge lamp of the kind mentioned above 
in that the partial pressure of the substance for- 
ming the excimer is at least 10 and at most 600 
mbar in the case of Xe and/or Kr and at least 10 
10 and at most 1000 mbar in the case of Ar, in that 
the partial pressure of the halogen is between 0,05 
and 5% of the partial pressure of the substance 
forming the excimer, and in that the atomic mass 
of the substance forming the excimer is greater 
15 than the atomic mass of the halogen. 

The invention is based on the recognition that 
the greatest radiant efficacies are obtained in 
dielectrically impeded discharges comprising both 
rare gases forming excimers and halogens at par- 
se tial pressures of the substance forming the excimer 
in the range from 10 to 600 mbar in the case of Xe 
and/or Kr and of 10 to 1000 mbar in the case of Ar, 
while the partial halogen pressure should be cho- 
sen in the range from 0.05 to 5% of the partial 
2$ pressure of the substance forming the excimer. It 
was found that a further condition is that the atomic 
mass of the substance forming the excimer is 
greater than the atomic mass of the halogen. Fi- 
nally, pure halogens l 2 . Br 2 , Cl 2 and/or F 2 are to be 
30 used. Radiant efficacies of far below 5% r which are 
too low for practical applications, are obtained out- 
side the said ranges and with the use of halogen 
compounds, for example hydrogen halides, instead 
of pure halogens. When, according to the invention, 
35 the atomic mass of the substance forming the 
excimer is only slightly greater than that of the 
halogen, radiant efficacies of approximately 5% are 
obtained. This is the case with the combinations 
Ar-CI (mainly 175 nm emission). Kr-Br (mainly 207 
aq nm emission) and Xe-J (mainly 253 nm emission). 

Preferably, the gas mixture in lamps according 
to the invention is so chosen that the atomic mass 
of the substance forming the excimer is more than 
twice the atomic mass of the halogen. Experiments 
45 have shown that radiant efficacies (measured at an 
operating frequency f = 5 kHz and a striking 
distance d » 1 cm) of more than 10% are possible 
with the following combinations: Ar-F (193 nm 
emission), Kr-F (248 nm emission) and Xe-F (351 
so nm emission). Radiant efficacies of 18, 13.5 and 
14.5% were measured with the use of Kr-Cf (222 
nm emission), Xe-CI (308 nm emission) and Xe-Br 
(282 nm emission), respectively. 

It has been found that the highest radiant ef- 
&5 ficacy values are obtained at partial pressures of 
the substance forming the excimer of at least 150 
and at most 400 mbar and also at partial pressures 
of the halogen of between 0,07 and 0,2% of the 
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partial pressure of the substance forming the ex- 
cimer. These ranges are accordingly preferred in 
lamps according to the invention. The wall load 
[W/cm ? ] can further be adjusted through the op- 
erating frequency, operating voltage, striking dis- * 
tance, thickness of dielectric, and dielectric con- 
stant of the dielectric. The operating frequency 
may be varied through several orders of magnitude 
(50 Hz-500 kHz), but as the operating frequency 
increases, especially above SO kHz, cooling of the io 
lamp may be necessary if high radiant efficacies 
are to bo achieved. 

A very advantageous embodiment of a lamp 
according to the invention solves the problem that 
the planar extension of the lamp is limited by the is 
total pressure of the gas filling (basically, below 
1000 mbar). Implosion may occur whan a certain 
vessel size is exceeded, this size depending on the 
wall thickness and the maximum admissible me- 
chanical strain occurring in the material. This limit 20 
typically lies at a linear dimension of the walls of 
10 cm at a total pressure of approximately 100 
mbar and wall thicknesses of 2-3 mm. High-pres- 
sure glow discharge lamps with large surfaces are 
realised according to the invention in that the gas 25 
mixture in addition contains at least one of the rare 
gases He, Ne, and Ar as a buffer gas, and in that 
the atomic mass of the buffer gas is smaller than 
the atomic mass of the substance forming the 
excimer. 

30 

A particularly advantageous modification of the 
above embodiment of the lamp according to the 
invention is characterized in that the partial pres- 
sure of the substance forming the excimer is small- 
er than A/d and the partial pressure of the buffer 35 
gas is smaller than B/d. in which d is the striking 
distance in cm, and 

A - 120 mbar.cm for Xe 
A = 180 mbar.cm for Kr 
A = 1000 mbar.cm for Ar 
B = 2200 mbar.cm for Ne 
B = 1800 mbar.cm for He 
B = 200 mbar.cm for Ar, 
and in that the total pressure has a vaiue of be- 
tween 500 and 1 500 mbar. 

it has been found that a stable discharge char- 
acteristic which is homogeneous over the entire 
surface and has a high radiant efficacy is obtained 
when the individual partial pressures are chosen 
within the given ranges rn accordance with the $0 
vessel geometry. Outside these ranges, in fact, no 
diffuse discharge which is homogeneous over the 
surface is formed in general at higher pressures, 
the discharge contracting inestead into a plurality 
of narrowly defined filaments which are distributed ss 
over the surface, a filamented discharge character- 
istic has a lower radiant efficacy, and is in addition 
undesirable for applications in optical technology 
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because of the inhomogeneity which arises. When 
the above conditions for the partial pressures are 
fulfilled, large-area high-pressure glow discharge 
lamps can be realised, for example, DIN A4 si*e or 
even larger flat lamps, which yield a high radiant 
efficacy in combination with an operation which is 
homogeneously distributed over the surface. 

A further preferred embodiment of a lamp ac- 
cording to the invention is characterised in that the 
discharge vessel has an internal layer of a fluores- 
cent material. When fluorescent materials are used 
(for example, as described by Opstetten, 
Radielovie and Verstegen in Philips Tech. Rev. 35, 
1975. 361-370), large-area, homogeneously radiat- 
ing light sources can be manufactured which can 
find an application as a background illumination for 
large-area LCDs, luminous panels, display ele- 
ments, etc. 

Embodiments of lamps according to the inven- 
tion are explained in more detail below with refer- 
ence to the drawing. The sole Figure in the drawing 
diagrammatically and in cross-section shows a 
high-pressure glow discharge lamp _1 according to 
the invention. The discharge vessel 2 which is 
sealed in a vacuumtight manner is made of glass 
and comprises in the discharge space (3) a gas 
mixture which forms excimers and which is com- 
posed as follows: 

800 mbar Ne as a buffer gas 
100 mbar Xe to form an excimer 
»2 in excess (partial | 2 pressure approximately 
0,5 mbar at 30" C). The parallel walls (4,5) of the 
glass vessel 2 have a wall thickness of 2 mm and 
are provided with planar electrodes (8. 9) at their 
surfaces (6. 7) remote from the discharge space 
(3). The electrode (8) consists of a metal grid which 
is transparent to the generated radiation (gold grid 
electrode; mesh 1,5 mm). The electrode (9) is a 
vapour-deposited mirroring aluminium electrode. 
The spacing between the inner surfaces (10. 11) of 
the walls (4. 5) is 0,5 cm (striking distance d). The 
linear dimensions of the wails (4, 5) are 21 x 29,7 
cm 2 (DJN A4) and are large in comparison with the 
striking distance d. 

The excimer radiation generated by the glow 
discharge in the gas mixture comprises mainly the 
emission fine at approximately 253 nm. The inner 
surfaces (10. 11) are provided with fluorescent lay- 
ers (12. 13). The mixture of fluorescent materials 
emits white light upon excitation by the excimer 
radiation and comprises yttrium oxide activated by 
trivalent europium (red emission), cerium-magne- 
sium aluminate activated by trivaJent terbium 
(green emission), and barium-magnesium alumr- 
nate activated by bivalent europium (blue emis- 
sion). The thickness of the luminescent Jayer (13) 
at the exit side is smaller than the thickness of the 
luminescent layer (12) at the opposing side so as 
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to hamper the emission of the generated light as 
line as possible. During operation (frequency 10 
kH2, amplitude of operating voltage approximately 
10 HV). a discharge characteristic which is homo- 
geneous throughout the surface is stabilised, and a 
Similarly homogeneous luminance of the lamp of 
approximately 3000 Cd/rn 2 is obtained. 

A second embodiment is a flat UV radiator 
which emits homogeneously over its sun* ace. for 
example, for UV contact lithography. The construc- 
tion principle is essentially similar to that shown in 
the Figure, Instead of a rectangular glass vessel, 
however, a round discharge vessel made of quartz 
glass (diameter 4 cm) is used without a fluoresent 
layer. The radiator emits UV radiation (mainly 2S3 
nm) homogeneously over rts surface with a gas 
filling as indicated for the preceding embodiment 
At frequencies of appropriately 10 kHz and am- 
plitudes of the operating voltage of between 4 and 
20 kV, the efficiency of the UV band at 253 nm is 
5% and the tola! efficiency in the 230-250 nm 
range is approximately 10%. 

Claims 

1. A high' pressure glow discharge lamp having a 
planar discharge vessel which is sealed in a 
vacuumtight manner and which encloses a dis- 
charge space filled with a gas mixture which 
forms excimers and whose parallel walls are 
formed from a dielectric material, the wall sur- 
faces remote from the discharge space being 
provided with planar electrodes, at least one of 
said walls with its associated electrode being 
at least partly transparent to the generated 
radiation, a/id the gas mixture comprising al 
least one of the rare gases Xe, Kr and Ar to 
form the excimer and at Jeast one of the 
hatogens l 2l Br 2l CI* and F 2 , characterized in 
that the partial pressure of the substance for- 
ming the excimer is at least 10 and at most 
600 mbar in the case of Xe and/or Kr and at 
least 10 and at most tOOO mbar in the case of 
At, in that the partial pressure of the halogen is 
between 0.05 and 5% of the partial pressure of 
the substance forming the excimer, and in that 
the atomic mass of the substance forming the 
excimer is greater than the atomic mass of the 
halogen. 

2. A high-pressure glow discharge lamp as 
claimed in Claim l, characterised in that the 
atomic mass of the substance forming the ex- 
cimer is more than twice the atomic mass of 
the halogen. 

3. A high-pressure glow discharge lamp as 
claimed in Claim 1 or 2, characterized in thai 



the partial pressure of the substance farming 
the excimer is at least J 50 and at most 400 

mbar. 

5 4. A high-pressure glow discharge lamp as 
claimed in Claim 1, 2 or 3, characterized in 
that the partial pressure of the halogen is be- 
tween 0,07 and 0,2% of the partial pressure of 
the substance forming the excimer. 

70 

5- A high-pressure glow discharge lamp as 
claimed in Claim 1. 2 or 4, characterized in 
that the gas mixture in addition contains at 
least one of the rare gases He, Ne and Ar as a 
i& buffer gas. and in that the atomic mass of the 

buffer gas is smaller than the atomic mass of 
the substance forming the excimer. 

6. A high-pressure glow discharge lamp as 
so claimed in Claim 5, characterized in that the 

partial pressure of the substance forming the 
excimer is smaller than A/d and the partial 
pressure of the buffer gas is smaller than B/d. 
in which d is the striking distance in cm, and 
25 A = 120 mbar.cm for Xe 

A » 180 mbar.cm for Kr 

A = 1000 mbar.cm for Ar 

B = 2200 mbar.cm for Ne 

B = 1800 mbar.cm for He 
30 B = 200 mbar.cm for Ar, 

and in that the total pressure has a value of 
between 500 and 1500 mbar. 

7. A high-pressure glow discharge lamp as 
35 claimed in any one or several of the Claims 1 

to 6, characterized in that the discharge vessel 
has an internal layer of a fluorescent material. 
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